E. coli at a frequency almost 104 times higher than that of the population from which it was derived (Baron et al., 1959a) . This finding led to the proposition that the low frequency of recombination initially observed represented the selection of rare, high-frequency recipients from an otherwise sterile population (Baron et al., 1959b) .
Later, Miyake (1959) invoked this concept to explain the finding that hybrids produced by matings between an E. coli Hfr and S. typhimurium LT-7 mutator showed increased recombination frequencies when backerossed with the E. coli parent. Miyake also considered the possibility that the presence of E. coli genetic material in the hybrids might explain their increased recipient ability. By replicating single S. typhimurium clones on selective media spread with E. coli Hfr donors, however, he demonstrated that 0.1 to 1% of the cells, without previous mating experience, acted as genetic recipients. This confirmed the existence in the population of special recipient cells, but it did not rule out the possibility that integrated E. coli genetic material might also affect hybrid fertility.
The phenomenon of increased hybrid fertility on remating with the E. coli parent was also observed in the 643 strain of S. typhosa (Baron et al., 1959a) . At first, this was considered another example of selection of high-frequency recipients. Closer inspection, however, has revealed that this is not the case. The experiments which are reported in the present study show, in fact, that the increased recipient ability of the S. typhosa hybrids is due to the presence of integrated E. coli genetic material.
MATERIALS AND METHODS
Bacterial strains. The characteristics of the strains employed are listed in Table 1 . The orientation of chromosome transfer by the E. coli Hfr strains, and the chromosomal locations of methionine; thr = threonine; leu = leucine; cys= cystine; try = tryptophan; lac = lactose; ara = arabinose; rha = rhamnose; xyl = xylose; Sm = streptomycin; + utilized or produced; -= not utilized or produced; R = resistant; S = sensitive.
the genetic markers used in this study, are shown in Figure 1 .
Selective media. Minimal medium consisted of a separately autoclaved Noble agar (Difco) base made up double strength (14 g in 400 ml of distilled water), to which were added 320 ml of distilled water and 80 ml of a solution of K2HPO4 (105 g per liter), KH2PO4 (45 g per liter), (NH4)2-SO4 (10 g per liter), NaCl (5 g per liter), and MgSO4* 7H20 (0.5 g per liter). Since, in all crosses, the utilization of a particular carbohydrate was the selected genetic trait, 15 ml of a 20% solution of the desired carbohydrate were added as the carbon source. Cystine and tryptophan, required by the S. typhosa strain, were added at a concentration of 50 Ag/ml. Streptomycin sulfate, used as a counter-selective agent against streptomycin-sensitive donors, was added to the medium at a concentration of 600 ,ug/ml.
Technique of genetic crosses. Donor and recipient strains were inoculated individually into Penassay Broth (Difco) and incubated for 18 hr at 37 C. They were then centrifuged and resuspended in fresh Penassay Broth, the concentrations being adjusted to approximately 109 to 2 X 109 cells per ml for the recipient and 108 to 3 X 108 cells per ml for the donor. Equal volumes (1.5 ml) of the adjusted donor and recipient suspensions were placed in a 50-ml Erlenmeyer flask, mixed, and incubated for 2 hr at 37 C. The mating suspension was then plated on selective media (0.1 ml per plate), either undiluted or in tenfold dilutions, depending upon f3-Galactosidase assay. The procedure for measuring fl-galactosidase production by bacterial merozygotes formed during mating was essentially that described by Pardee, Jacob, and Monod (1959) . Methyl-thio-fl-D-galactoside was employed as the inducer of enzyme synthesis.
RESULTS
Fertility of Salmonella hybrids. Crosses between the E. coli Hfr W1895 and S. typhosa 643WSr, with selection for lactose utilization, yielded lactose-positive (lac+) recombinants at a frequency of 10-5 per donor cell. On purification, the majority of these were found to be unstable heterogenotes, which continually segregated lactose-negative (lac-) clones on EMB lactose agar. When these lac-segregants, which had lost the E. coli genetic material, were backcrossed with W1895, no increase in their fertility was observed. This provided the first evidence that fertile recipients were not being selected by the initial cross. If such cells had been selected, it would be expected that they should have shown increased recombination frequency on backcross, despite the loss of the transferred E. coli genetic material.
Four hybrids were obtained from the W1895 X 643WSr mating which had stably integrated the lac+ gene. Analysis of these hybrids, labeled WSr lac+(95), showed that only the selected marker had been received. When remated with W1895 for arabinose utilization (ara+), the WSr lac+(95) hybrids produced ara+ recombinants at a mean frequency of 2.0 X 104. This represented a 200-fold increase over the control cross between W1895 and a previously unmated 643WSr for ara+ (Table 2 , cross 1). The increased fertility of these lac+ hybrids when backerossed for the more distal Hfr marker ara+ is in agreement with the results previously reported by Baron et al. (1959b) . From a W1895 X 643WSr cross, in which selection had been made initially for ara+, 28 of 35 hybrids were found to be stable after purification. Of these 28, 4 had received the unselected lead marker lac+. The remainder carried only the selected marker and were labeled WSr ara+(95). Of 18 WSr ara+(95) hybrids backcrossed with W1895, with selection for lac+, 16 showed no increase in recombination frequency for this marker (Table 2 , cross 2). The two exceptions produced recombinants at frequencies only seven times greater than that of the control cross.
The failure of these ara+ hybrids to exhibit increased fertility again indicated that highfrequency recipients were not being selected by the initial mating event. Their behavior was difficult to interpret, however, since the lac+ hybrids produced by W1895 had shown increased recipient ability when remated with this Hfr. This problem was resolved when the WSr ara+ (95) hybrids were crossed with Hfr Hayes, which transfers ara+ as a lead marker and lc+ as a more distal marker. In these crosses, again with selection for lac+, hybrids appeared at a mean frequency of 1.6 X 104, an increase of 265 times over that of the unmated controls (Table 2 , cross 3).
It now appeared that the increased recipient ability of the hybrids occurred when the E. coli chromosome segment which they had integrated matched the proximal region of the backcrossing Hfr chromosome. According to this proposition, the WSr lac+(95) hybrids, which showed increased fertility on backcross for ara+ with W1895, should show no increase when crossed with Hfr Hayes for this marker. Of the four available for testing, three did, in fact, show no increase (Table 2 , cross 4). The exception showed an increase of about nine times that of the control cross frequency.
Since the hybrids tested in these crosses had all been derived from matings with W1895, similar crosses were performed using recombinants which had initially received the lac+ or ara+ markers from Hfr Hayes. Initial selection for ara+ with the Hayes donor produced hybrids at a frequency of 4 X 10-6 to 6 X 10-6. As had been observed with W1895, when selection was made for the lead marker, only the selected marker was integrated; the hybrids were labeled WSr ara+(H). Initial selection for lac+ with Hfr Hayes yielded hybrids at frequencies of 5 X 10-to 6 X 10-7. Of 41 of these recombinants, 30 appeared stable, and 12 had also received the ara+ marker. Those recombinants carrying only lac+ were designated WSr lac+(H); the others were labeled WSr lac+ ara+(H).
A total of 16 WSr ara+(H) hybrids were backcrossed with Hfr Hayes, with selection for lac+. These hybrids, possessing a section of the Escherichia genome homologous with the lead region of the Hayes chromosome, received the lac+ gene at a frequency 94 times that of the control cross ( A further question remaining was whether S. typhosa hybrids possessing limited high-frequency recipient ability would show frequency increases on backcross when selection was made for markers more distal than those previously employed. Therefore, the WSr lac+(95) and WSr lac+(H) hybrids were crossed with W1895, with selection for xyl+. Xylose-positive recombinants appeared at frequencies of 1.5 X 10-6 to 2.1 X 10-5. This represents an increase of 50-to 70-fold over the W1895 X 643WSr mating for xyl+, for which the frequency is about 3 X 10-7.
Fertility of unmated S. typhosa. Plates of minimal lactose medium containing cystine and tryptophan were spread with 109 E. coli Hfr W1895 donors per plate. Meat extract agar plates, each containing 50 to 80 643WSr clones, were then replicated on these donor lawns.
Every one of 955 clones tested showed a recombinant patch. It will be recalled that Miyake (1959) , in the similar experiment with S. typhimurium LT-7 mutator, had observed that only 0.1 to 1% of the replicated clones showed recombinant patches.
It seems probable, then, that the 643WSr population is homogeneous with respect to its initial ability to mate with E. coli. This test does not rule out the possibility that certain S. typhosa cells may have greater or lesser mating capacities, although, in numerous individual matings during the course of this work, no such deviation has been observed. If truly sterile S. typhosa cells do exist, it is clear from this experiment that they are quite rare. This contrasts with the situation existing in the S. typhimurium LT-7 mutator population, where the majority of the cells are sterile in E. coli matings.
Examination of the initial ability of S. typhosa to mate with E. coli. S. typhosa 643WSr yields lac+ recombinants with W1895 at a frequency of 10t, which is considerably less than the frequency obtained for this marker when W1895 is crossed with an E. coli F-strain. In the following experiments, the nature of this difference in recipient ability was examined.
W1895 was crossed with a lactose-negative E. coli F strain (2340), with selection for lac+. Recombinants were detected at a frequency of 3.0 X 10-2. This frequency was 2,000 times greater than that observed in a W1895 X 643WSr cross (Table 4 , crosses 1 and 2). A cross between E. coli F' strain 2586 F-lac (in which the sex factor, F, promotes transfer of the attached lac+ locus; Jacob and Adelberg, 1959) and 2340 yielded lac+ progeny at a frequency of 2.0 x 10-3. When mated for lac+ with 643WSr, 2586 F-lac produced lac+ hybrids at a frequency of 5.3 X 104 (Table 4 , crosses 3 and 4). Thus, transfer of the F-lac element from E. coli to E. coli occurred only about four times more efficiently than it occurred from E. coli to S. typhosa.
Since conjugation is a prerequisite for episome transfer (Hirota and Sneath, 1961) , it may be inferred that E. coli is able to conjugate almost as efficiently with S. typhosa as it does intraspecifically. Therefore, the process of transfer was investigated by assaying mating suspensions for 13-galactosidase production by the bacterial inducer, the z-gene of the lac region is expressed almost immediately upon entering the recipient cell (Pardee et al., 1959) , it was possible to use enzyme production as an index of chromosome transfer, independent of integration.
The results of this experiment are included in Table 4 . After 60 min of mating, j8-galactosidase production was detected from all crosses except that between W1895 and 643WSr. The failure of the W1895 X 643WSr cross to produce a detectable amount of enzyme, along with the indication that conjugation is not significantly impared, suggests that chromosome transfer difficulties are involved in the relatively low recipient ability of S. typhosa in crosses with W1895.
DISCUSSION The incomplete genetic homology between
Escherichia and Salmonella, demonstrated by Zinder (1960) and by Falkow, Rownd, and Baron (1962) Lederberg, Cavalli, and Lederberg (1952) and of Orskov and Orskov (1961) have shown that the majority of wild-type E. coli strains lacking F are sterile, or VOL. 87, 1964 of low recipient ability, when mated with K-12 donors. The previously cited investigations of Baron et al. (1958) and Miyake (1959) have demonstrated that fertile recipients may be isolated from strains of S. typhimurium which are predominantly sterile in matings with E. coli donors. The absence of F, or a related promotor, is as inadequate an explanation for the existence of these rare recipients as it is for the F state in K-12. Miyake (1962) has proposed that the presence of the mutator gene (which increases the mutation rates of other genetic determinants) raises the numbers of fertile cells in the S. typhimurium LT-7 mutator population to detectable levels. This suggests that a genetic determinant may be involved in the ability of certain S. typhimurium cells to form hybrids with E. coli K-12 donors. The same determinant, or a similar one, might control the initial mating capacity of S. typhosa.
Recently, we have observed a particular class of S. typhosa hybrids which show significant increases in their recombination frequencies with E. coli Hfr donors other than those injecting their chromosome into the region of artificially created homology. Diploid analysis of the recombinant region in these hybrids has established that the fertility increase is due to the E. coli genetic material. This finding suggests that a particular genetic region-in this instance, one derived from E. colt-affects recipient ability in a manner significantly different from that of the limited situation which we have delineated in the present study. The possibility that genetic recipient ability in crosses with E. coli K-12 donors may be gene-controlled is presently under investigation in this laboratory.
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